Characterization of a Pi transport system in cartilage matrix vesicles. Potential role in the calcification process.
The mechanisms by which calcium (Ca2+) and inorganic phosphate (Pi) accumulate into matrix vesicles (MV) have not been elucidated. In the present study the characteristics of Pi uptake into MV isolated from mildly rachitic chicken growth plate cartilage have been investigated. The results indicate that Pi accumulates into MV mainly via a Na(+)-dependent Pi transport system. In the absence of NaCl in the extravesicular medium, Pi uptake was a nonsaturable process. In the presence of 150 mM NaCl, the initial rate of Pi uptake was 4.38 +/- 1.02-fold higher than with 150 mM choline chloride (mean +/- S.E., n = 8, p less than 0.005). Other cations showed partial activity to drive Pi into MV as compared to Na+:Li+ (64.4%) greater than K+ (39.8%) greater than choline (39.0%) greater than tetramethylammonium (30.0%) greater than N-methylglucamine (26.3%). Na(+)-dependent Pi transport activity displayed saturability towards increasing extra-vesicular concentrations of Na+ and Pi. The apparent Km for Pi was 0.68 +/- 0.16 mM. The Na+ concentration producing half-maximum Pi transport activity was 106.2 +/- 11.0 mM. Kinetic analysis suggests that Na+ interacts with the Pi carrier with a stoichiometry of more than one Na+ ion with one Pi molecule. In MV isolated from normal chicken growth plate cartilage, this Na(+)-dependent Pi transport system was barely expressed. In contrast to the effect on Pi uptake by MV, the activity of alkaline phosphatase was not changed when NaCl was substituted for choline chloride in the assay medium. In addition to this observation which suggests that this enzyme is not related to the Pi transport activity described in this study, levamisole, which inhibited alkaline phosphatase activity did not affect the Na(+)-dependent uptake of Pi. Both arsenate and phosphonoformic acid, two inhibitors of the epithelial Na(+)-dependent Pi transport systems, were active inhibitors of the Na(+)-dependent Pi uptake by MV with a higher potency for phosphonoformic acid. Associated with the expression of a facilitated Na(+)-coupled Pi transport in MV, in vitro calcification assessed by 45Ca2+ uptake also showed a marked dependence on extravesicular sodium. This relationship was markedly attenuated in MV isolated from normal chicken growth plate cartilage expressing a weak Na(+)-facilitated Pi transport activity. In conclusion, a saturable Na(+)-dependent Pi carrier has been characterized which facilitates Pi transport in MV. Its potential role for Ca-Pi accumulation into MV and subsequent development of vesicular calcification followed by mineralization of the osteogenic matrix is proposed and remains to be further investigated.